> ' i14 RiC#WT© 2 4 AU 



A Light Scanning Device 

^judl Y- ^^^^^ ^^^/lUA-e^-iJuion^ 

The present invention relates to a light scanning device for 
exciting and detecting secondary light, especially fluores- 
cent light, on a sample, comprising a light emission device 
for emitting exciting light with a wavelength suitable for 
excitirtg secondary light on or in said sample, a focussing 
opticEs for focussing the exciting light on said sample, a 
sample holding device for releasably holding the sample, a 
detection unit comprising a detection optics for the second- 
ary light emitted by the sample in response to excitation 
and a detector device for converting the secondary light 
into electric signals. 



Such light scanning devices are used e.g. for examinations 
in the field of molecular biology or genetic technology. For 
these examinations, a large number of materials to be ex- 
amined are applied to a carrier in a fieldlike configura- 
tion, whereupon said materials are temporarily brought into 
contact with a fluorescent tracer. The materials to be ex- 
amined having an affinity for the tracer will bind said 
tracer to themselves and can therefore be excited so as to 
emit fluorescent light. It follows that, due to the excit- 
ability of the fluorescence, the property of the examined 
material to bind to itself the tracer becomes visible, 
whereby it is possible to draw conclusions with regard to 
the nature of the sample material. 

When examinations in the field of molecular biology or gen- 
etic technology are carried out, large fields of such mate- 
rials marked with fluorescent substances are sequentially 
scanned with exciting light. In hitherto known devices, the 
carrier holding the sample materials has been scanned by 
means of two tilting mirrors provided in the optical path of 
the exciting light, the two axes of rotation of said tilting 
mirrors extending at right angles to one another. When the 
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scanning light beam impinges on a location where a marked 
and, consequently, fluorescent sample material is present, 
secondary light will be emitted, which is detected by a de- 
tection unit comprising a detection optics and a detector 
device, and converted into electric signals. 

In such devices the rotation of the tilting mirrors for the 
purpose of scanning is, however, subject to tolerances, and 
du^ to the long beam path this results in major inaccuracies 
in the local resolution of the scanning. In the case of a 
"pre-objective-scanning" arrangement of the focussing optics 
(i.e. between the scanning unit and the sample), it is addi- 
tionally necessary that said focussing optics has a large 
diameter so that an image of the light ray bundle deflected 
from the optical axis by the scanning mirrors can be formed 
in the plane of the sample. When such large-diameter lenses 
are used, a correction for large angular fields and a good 
field flatness is, however, very complicated and entails 
therefore higher costs. 




is therefor^ an object of the present invention to pro- 
vide a light scanning device of the type mentioned at the 
beginning, by means of which an improved local resolution 
can be achieved on the basis of a simplified structural de- 
sign. 

According to the present invention, this object is achieved 
by a light scanning device of the type mentioned at the be- 
ginning, which is characterized in that the sample holding 
device is adapted to be rotated for rotating the sample 
relative to the exciting light in such a way that different 
subareas of said sample can be excited by means of the ex- 
citing light so as to emit secondary light. 

According to the present invention, this object is addition- 
ally achieved by a light scanning device of the type men- 
tioned at the beginning, which is characterized in that the 
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focussing optics is rotatably supported so as to conduct the 
exciting light along a circular arc on the sample. 

According to these two solutions, the hitherto known scan- 
ning system making use of tilting mirrors is replaced by a 
mechanical rotation of either the sample or the scanning 
light beam, a circular arc on the surface of the sample be- 
ing scanned in both cases. An increase of inaccuracies and 
tolerances, respectively, which occurs according to the 
galvanometer principle when the tilting mirrors are rotated 
in the hitherto known scanning devices and which results in 
comparatively large inaccuracies of the position coordinates 
of the scanning beam on the sample, is excluded in the de- 
vice according to the present invention, since the beam axis 
is not tilted relative to the sample surface. Devices ac- 
cording to the present invention can therefore achieve high 
local resolutions of up to 2 urn, e.g. in cases where a suit- 
able laser diode is used as a light emission device. In ad- 
dition, the focussing optics used for focussing the exciting 
light onto a subarea of the sample can consist of a compara- 
tively economy-priced lens having a small diameter and a 
small corrected field area. The device according to the 
present invention permits therefore a substantial reduction 
of costs due to the fact that a simple and inexpensive 
focussing optics is used and that the complicated holding 
and control means for the tilting mirrors can be dispensed 
with. 

According to an advantageous further development of the 
present invention, the focussing optics is adapted to be 
radially displaced relative to the axis of rotation of the 
sample holding device or the sample holder is adapted to be 
displaced in the radial direction relative to the optical 
axis of the focussing optics. A two dimensional local re- 
solution by means of a simple mechanical movement of the 
focussing optics and of the sample holder, respectively, is 
achieved in this way, without changing the angle of the beam 
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axis relative to the surface of the sample. It follows that, 
according to this advantageous further development, the very 
good local resolution is achieved also in the second dimen- 
sion. The above-mentioned economy-priced lens having a small 
diameter and requiring little expenditure with regard to 
field correction can also be used in this embodiment. 

According to another advantageous further development, two 
or more respectively associated pairs of the focussing op- 
tics and of the detection unit are provided. This permits a 
substantial reduction of the scanning time, especially in 
cases where large samples and a high resolution are used. 
When two focussing optics and detection unit pairs are used, 
the scanning time of the sample surface will be halved. The' 
optical paths of the two focussing optics and detection unit 
pairs should preferably extend at a distance from one an- 
other which corresponds to half the radius of the total area 
scanned. In particular, it will be advantageous when said 
focussing optics and detection unit pairs are mechanically 
coupled. In this case, adjusting elements for radially 
displacing the focussing optics can be dispensed with due to 
the mechanical coupling, and this will, in turn, reduce the 
costs of the light scanning device according to the present 
invention, and, in addition, a more precise positioning will 
be guaranteed due to the rigid mechanical connection. 

When a plurality of detectors is used simultaneously, it 
will be advantageous to provide pinhole diaphragms in a 
respective imaging plane of a detection optics in front of 
the detector device in question. This will prevent cross- 
talk between the individual detectors and an acceptance of 
stray light from the surroundings of the exciting light 
spot. 

Finally, a plurality of light sources with different emis- 
sion light wavelengths and/or colour filters of different 
transmission wavelengths can be provided in front of the 
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individual detector devices in the light scanning device 
according to the present invention, whereby the flexibility 
and the versatility of the system will be increased. 

Further advantageous embodiments are disclosed in the sub- 
claims. , r _ 

Making reference to a preferred embodiment as an example, 
the present invention will be explained and described in 
more detai^r^in the following'. In the accompanying drawings, 

shows a'" schematic view of a structural design of an 
embodiment according to the present invention; and 

shows a schematic representation of a further em- 
bodiment of the present invention. 

■"/ . ..„' / / '■ • -. - ' , ' ■ .. 

/ .< ■ ■' ' •, , ■ ' 

Fig. 1' shows a schematic representation of an embodiment of 
the light scanning device according to the present inven- 
tion. A light emission device 10, which can, for example, be 
a laser, emits a light beam 11 which falls upon a first unit 
30 including a focussing optics for the light beam and a 
detection optics for the secondary light. The first unit 30 
includes a support body 35 supporting a beam splitter cube 
33, a focussing lens 34 for focussing the light emitted by 
the light emission device 10 onto the sample, a detection 
lens 32 for detecting and collecting secondary light and a 
detector 31. The support body 3 5 is provided with openings 
along the propagation path of the emitted light ray bundle 
11, which permit said light ray bundle 11 to pass. The beam 
splitter 3 3 is arranged in the optical path of the light ray 
bundle 11 in such a way that part of the ray bundle 11 is 
reflected substantially at right angles, whereupon it pro- 
ceeds along an optical axis 12 extending through the focus- 
sing lens 34. The part of the ray bundle transmitted through 
the beam splitter 3 3 leaves the support body 3 5 at a cor- 
responding second opening and impinges on a second unit 40 
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whose structural design is essentially identical to that of 
the first unit 30. 

Hence, the second unit 40 comprises a detector 41, a detec- 
tion lens 42 for detecting and collecting the secondary- 
light, a beam splitter 43 and a focussing optics 44, all 
these components being supported in a support body 45. The 
support body 4 5 is again provided with suitably arranged 
openings through which the ray bundle 11, which is produced 
by the light emission device 10 and which progresses in 
straight lines, enters and leaves said support body. 

In the embodiment shown, the two units 3 0 and 4 0 are mechan- 
ically coupled by means of a rigid connection 51. As in- 
dicated by the horizontal arrows, the units 30 and 40 are 
adapted to be displaced in common along the direction of 
propagation of the non-deflected ray bundle 11 emitted by 
the emission device 10. 

A sample 22, which is releasably held on a sample holder 20, 
is arranged in opposed relationship with the two focussing 
lenses 3 4 and 44. In the embodiment shown, the sample holder 
2 0 is a rotary table supported on a rotary shaft 21. For 
holding the sample 22 on the rotary table 20, fixing ele- 
ments or vacuum suction lines, which are not shown, can be 
provided; in most cases, the normal friction of the sample 
on the support will, however, suffice. 

In the embodiment shown in Fig. 1, the distance between the 
units 3 0 and 4 0 corresponds to half the radius of the area 
to be scanned on the sample 22. 

The optical path of the light ray bundle 11 emitted by the 
light emission device 10 extends first essentially parallel 
to the surface of the sample 22 and is deflected at the re- 
spective beam splitters 3 3 and 43 in a direction substan- 
tially at right angles to the surface of the sample 22 so as 
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to focus the exciting light via the focussing lenses 34 and 
44 onto two points of the sample surface. The secondary 
light emitted by the sample surface in the case of fluor- 
escence proceeds into the upper semispace (provided that the 
sample holder 2 0 absorbs) . The part of this secondary light 
used for the detector is only the part which can be accepted 
by the optics 34, 32 and 44, 42, respectively. After having 
been collected by the focussing lenses 34 and 44, the sec- 
ondary light proceeds to the beam splitters 33 and 43. At 
the beam splitters 33 and 43, the optical paths, which are 
united for the exciting light and the secondary light be- 
tween the sample 22 and the two beam splitters, are separat- 
ed. Part of the secondary light is reflected at the beam 
splitters 33 and 43 in the direction of the light emission 
device 10, whereas another part passes through the beam 
splitter cubes and impinges on the respective detection 
lenses 32 and 42 which image the secondary light on the 
respective detectors 31 and 41. 

The beam splitter ciibe used may be a polarizing cube which 
reflects a polarized exciting light with high reflectivity 
in the direction of the samples. The fluorescent molecules 
are distributed satistically ("randomly") and emit in all 
directions of polarization. The amount of light reflected in 
the direction of the light emission device 10 is therefore 
only small, whereas most of the light passes through the 
beam splitter. 

In the embodiment shown, where two units 3 0 and 4 0 are used, 
the beam splitters have, for example, a splitting ratio of 
50: 50. 

In Fig. 2, a further embodiment of the light scanning device 
according to the present invention is shown. A light emis- 
sion device 110, e.g. a laser, produces an exciting light 
ray bundle 111 which falls upon a schematically shown beam 
expansion optics 115 used for expanding the exciting light 
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ray bundle. The beam expansion optics 115 can also include 
a spatial filter for improving the beam quality. Subsequent- 
ly, a dichroic beam splitter 164 follows in the optical path 
of the exciting light beam, said dichroic beam splitter re- 
flecting the exciting light almost completely at right an- 
gles in the direction of a sample 12 2. Between the beam 
splitter and the sample 122, a focussing lens 155 is ar- 
ranged, which focusses the exciting light onto a small spot 
on the sample. 



As in the case of the preceding embodiment, the sample 12 2 
is again releasably attached to a rotary table 12 0, which is 
rotatably supported via rotary shaft 121. 

The first element in the optical path of the fluorescent 
light emitted by the sample 122 is the focussing optics 165, 
said focussing optics 165 being followed by the dichroic 
beam splitter 164 which is designed in such a way that the 
fluorescent light whose wavelength differs from that of 
the exciting light is transmitted almost completely to a 
detection optics 163 focussing the fluorescent light onto a 
pinhole diaphragm 161 behind which a detector 162 is ar- 
ranged. 

In addition to the elements of the above-described embodi- 
ments shown in Fig. i and 2, a blocking filter can be pro- 
vided in front of the respective detectors so as to suppress 
stray light from the light emission device. By means of the 
blocking filter and the pinhole diaphragm (which can, of 
course, also be provided in front of the detectors 31 and 41 
of the embodiment shown in Fig. i) a strong suppression of 
scattered exciting light is achieved and the signal-to- 
noise ratio is noticeably improved. In the embodiment shown 
in Fig. 2, the focussing lens 165 can be displaced together 
with the beam splitter 164, the detection lens 163, the pin- 
hole diaphragm 161 and the detector 162 along the optical 
axis of the exciting light ray bundle 111 between the light 
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generation device and the beam splitter. 

It would also be possible to use an emission filter at the 
pinhole diaphram 161 so as to select the wavelength of the 
emitted light. 

In the two embodiments shown, it would also be possible to 
exchange the positions of the laser and of the detection 
optics while reorientating the beam splitter in a suitable 
manner. Furthermore, it would be possible to provide, in- 
stead of the rotary movement of the sample holder and the 
linear movement of the focussing and detection unit, the 
rotary movement in the case of the latter and to arrange the 
sample such that it is linearly displaceable , whereby it 
would again be possible to raster the whole sample area. 

In the embodiments shown, it would also be possible to ar- 
range the light emission device and/or the detection unit(s) 
in a fixed manner and to couple the light via flexible op- 
tical fibres to the /displaceable focussing optics. When op- 
tical fibres are used for coupling in the exciting light and 
for transmitting the fluorescent light emitted by the sample 
to the detector, the beam splitter could be dispensed with. 
Such a use of optical fibres in the case of the embodiment 
shown in Fig. 1 permits a fixed arrangement of the detectors 
31 and 41 with regard to the displacement motion of the 
focussing lens; a flexible connection between the detectors 
and the focussing optics would then be established by means 
of the optical fibres. 

When a plurality of focussing and detection units is used, 
it will also be possible to provide different wavelength 
filters in front of the respective detectors, whereby dif- 
ferent fluorophores or various wavelengths of the same 
fluorescent dye can be measured simultaneously. On the 
other hand, different light emission devices can be pro- 
vided, which are each coupled in via a separate ray path and 
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which have different excitation wavelengths for exciting 
different fluorescent dyes. It is in this way also possible 
to measure the sample simultaneously with regard to dif- 
ferent dyes. 

Instead of the reflective arrangements shown in Fig. l and 
2, an arrangement for measurement in transmission would be 
imaginable as well. In this case, the respective beam split- 
ter cubes would be dispensed with and the detection units 
would be arranged on the side of the sample and on the side 
of the in this case transparent sample holder located op- 
posite the excitation side. The detection optics would then 
be coupled in a suitable manner with the linear movement of 
the exciting light bundle (s) on the sample 22. 

Especially in cases where one or a plurality of laser diodes 
is used as a light emission device, the use of a beam shap- 
ing optics, which is symbolically indicated by reference 
numeral 115 in Fig. 2, will be advantageous. 

The sample is applied to a carrier by means of a microspot 
application method, said carrier being releasably attached 
to the sample holder. The carrier can be a circular disk or 
it may also have an arbitrary other flat shape. For applying 
the sample to the carrier, microdosing techniques can be 
used, making use e.g. of a microdrop piezotechnology . This 
technology permits the application 'of individual spot 
samples whose diameter ranges typically from 30 to 100 ixm. 

The present invention provides the essential advantage that, 
due to the rotary movement and the linear movement, respec- 
tively, the positioning of the scanning light bundle on the 
sample can be controlled more precisely than by means of 
tilting the tilting mirrors according to the prior art, 
where an increase of the position tolerance occured as in 
the case of a mirror galvanometer. Due to the use of a plu- 
rality of detectors, the scanning time can be reduced sub- 
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stantially, the rigid connection of the imaging and detec- 
tion optics resulting in an improvement of the positioning. 
The pinhole diaphragms arranged confocally in front of the 
detectors prevent a cross-talk between the channels asso- 
ciated with the two detectors and suppress stray light from 
the surroundings of the exciting light spot, whereby the 
signal- to-noise ratio is improved. The possibility of using 
a plurality of light emission devices and various filters 
improves the flexibility of the system. 




